Research findings indicate that health-related behaviours (HRBs) do not co-occur within individuals by chance and therefore cluster. This study uses Latent Profile Analysis (LPA), to identify the clustered patterns and prevalence of four HRBs: smoking, alcohol, diet, physical activity. We used data, collected from participants in their early 30s, from two British cohorts born in 1958 and 1970 (N = 21,019). Multi-group LPA models were run separately by gender testing for cohort differences in HRB cluster patterns. For both genders three clusters emerged: 'Risky' (1-9%), 'Moderate Smokers' (20-30%) and 'Mainstream' (68-77%). HRBs amongst members of the 'Mainstream' cluster were more beneficial than HRBs amongst members of the other two clusters, characterised as not smoking, frequent fruit and vegetable consumption, less frequent consumption of chips and fried food and being more physically active. Nevertheless, frequent consumption of sweet foods was common in the 'Mainstream' cluster. There was a large shift in membership to the 'Mainstream' cluster for men and women born in 1970. Amongst women members of the 'Mainstream' cluster, a higher proportion of those born in 1970 appeared to have drunk alcohol above the contemporaneous UK recommended limits but consumed sweet foods less frequently, than those born in 1958. In summary our findings provide additional evidence of HRB clustering, identifying largely consistent HRBs cluster patterns across cohort and gender groups, with some differences in prevalence. This evidence of HRB clustering across time and by gender provides a person-centred understanding that can inform interventions to improve HRBs.
Introduction
Modifiable negative health related behaviours (HRBs) such as smoking, heavy alcohol consumption, physical inactivity and an unhealthy diet, characterised as high in sugar and fat, low in fruit and vegetables are leading causes of non-communicable disease globally (WHO, 2014) , and strongly associated with early mortality (Loef and Walach, 2012; Kvaavik et al., 2010) .
Evidence from studies using large population based samples, show that individuals commonly have two or more negative HRBs (Schuit et al., 2002; Berrigan et al., 2003; Poortinga, 2007; Silva et al., 2013; Linardakis et al., 2013; Buck and Frosini, 2012; Laaksonen et al., 2001) . Of these it appears that there are population subgroups who share distinct behavioural patterns of smoking, alcohol consumption, diet and physical activity (Schuit et al., 2002; Berrigan et al., 2003; Poortinga, 2007; Silva et al., 2013; Laaksonen et al., 2001; van Nieuwenhuijzen et al., 2009; De Vries et al., 2008; Conry et al., 2011; Schneider et al., 2009; Vermeulen-Smit et al., 2015; Leventhal et al., 2014; Heroux et al., 2012; Tobias et al., 2007; Verger et al., 2009 ), unlikely to be present by chance (Schuit et al., 2002; Berrigan et al., 2003; Poortinga, 2007; Silva et al., 2013) . Research investigating HRB clustering has found that people who smoke cigarettes are more likely to drink alcohol heavily and less likely to consume fruit and vegetables and be physically active (Berrigan et al., 2003; Poortinga, 2007; De Vries et al., 2008) .
Previous work comparing the HRBs of people born in 1958 and 1970 (Schoon and Parsons, 2003; found that some HRBs had improved amongst those born in 1970 e.g. eating chips less frequently and fewer women smokers (Schoon and Parsons, 2003) . However, some HRBs were found to be worse e.g. eating fruit less frequently and increased alcohol consumption amongst women born in 1970 (Schoon and Parsons, 2003; .
Data reduction techniques are useful in identifying clustering patterns (Hofstetter et al., 2014; McAloney et al., 2013) . Application of these techniques on HRBs of cohort participants, born 12 years apart, can provide empirical evidence as to whether HRBs cluster (McAloney et al., 2013) . Here taking a data driven approach we examine cohort differences of HRB clustering in two ways; cluster patterns (i.e. combinations of HRBs) and cluster membership (i.e. the proportion belonging to each cluster).
Evidence suggests that HRBs across cohorts differ according to gender (Schoon and Parsons, 2003; . Therefore, cohort differences are examined separately for men and women. Our particular focus is HRBs in mid-adulthood given evidence that HRBs are sustained during this period (Mulder et al., 1998; Harrington et al., 2014; Telama, 2009; Parsons et al., 2006) .
Methods

Sample
This study uses cross-sectional data from two British birth cohort studies: The National Child Development Study (NCDS), targeting 17,514 individuals born in the same week in 1958 (Power and Elliott, 2006) , and the British Birth Cohort Study (BCS70) targeting 16,571 individuals born in one week in 1970 (Elliott and Shepherd, 2006) , across England, Scotland and Wales. The two cohorts are purposefully similar in their design, allowing for a meaningful comparison (Ekinsmyth et al., 1992) . Informed consent was obtained by participants agreeing to be interviewed and completing questionnaires, after receiving information on the study and the choice to opt out (Shepherd, 2012a; Shepherd, 2012b) .
We used NCDS data collected in 1991, when participants were age 33. Data were available for 11,407 participants, response rate 73%. Participants with complete information on at least one HRB were analysed, yielding a sample of 11,373 (99.7%), 5586 men and 5787 women. We used BCS70 data collected in 2004, when participants were age 34. Data collected in 2000, when participants were age 30, supplemented information about their diet (unavailable at age 34). A total of 9665 participants were included at age 34, response rate 75%. Participants with information on at least one HRB, yielded a sample of 9646 (99.8%), 4613 men and 5033 women.
Measures
Four HRBs: smoking, alcohol, diet and physical activity were measured using six variables: cigarette smoking, alcohol unit consumption, fruit and vegetable consumption, chips and fried food consumption, sweets, chocolate, biscuits and cakes consumption, and physical activity frequency. The alcohol measure is based upon UK government guidelines active in 1991 and 2004 for 'safe' weekly consumption (DOH. Sensible drinking: Report of an inter-departmental working group. London: Department of Health, 1995) . The measures of smoking, diet and physical activity are pragmatically determined. Appendix A describes the questionnaire items and cohort harmonisation.
Participants were asked if they smoked cigarettes and the average number smoked per day (range 0-80) those who reported not smoking cigarettes were coded as 0. Those reporting to smoke occasionally (BCS70 only, n = 645, 6.4%),were also coded as 0.
Alcohol consumption was measured according to average drinking frequency and the number of alcoholic beverages consumed in the previous week. Beverage categories were combined to provide the total number of units consumed (1 unit = 8 g ethanol, range 0-210 units). This total was categorised according to consumption frequency and quantity, reflecting gender specific UK guidelines for 'safe' weekly consumption (DOH. Sensible drinking: Report of an inter-departmental working group. London: Department of Health, 1995) . Participants reporting 0 units in the previous week were coded as 'no units' alongside never and infrequent drinkers. Men reporting 1-21 units and women reporting 1-14 units were coded as 'within limits' as were frequent drinkers, reporting 0 units in the previous week. Men reporting N21 units and women reporting N14 units were coded as 'above limits'.
Participants were asked whether they regularly took part in leisure time physical activity, defined as "at least once a month, for most of the year", and the frequency; "every day", "4-5 days per week", "2-3 days per week", "once a week", "2-3 times a month", "less often". Responses with sparse data were combined, creating four categories; '≤3 times a month', 'once a week', '2-3 days a week', '4-7 days a week'.
Diet was indicated by the average frequency of consumption of six variables; 'fruit'; 'vegetables'; 'chips'; 'fried foods'; 'sweets or chocolate'; 'biscuits' (NCDS), and 'biscuits or cakes' (BCS70). In both studies, participants were asked if they consumed these foods "more than once a day", "once a day", "3-6 days a week", "1-2 days a week", "less than 1 day a week" or "never". An additional "occasional" category, present in the BCS70, was combined with "less than 1 day a week".
Based on the findings from Principal Components Analysis, the six diet variables were combined to form three composite variables; 'fruit and vegetables', 'chips and fried food' (hereafter fried food) and 'sweets, chocolate, biscuits or cakes' (hereafter sweet food). Frequency scores (range 0 to 5) were added together, creating a score ranging from 0 (never) to 10 (more than once a day).
Statistical analyses
Latent Profile Analysis (LPA) was conducted using Mplus version 7 (Muthen, 2014) , to identify HRB clustering. LPA incorporates continuous variables, but is otherwise identical to Latent Class Analysis , which is increasingly utilised to identify HRB clusters (De Vries et al., 2008; Vermeulen-Smit et al., 2015; Leventhal et al., 2014; Heroux et al., 2012; Schnuerer et al., 2015; Watts et al., 2015) and has formal statistical procedures to guide the selection of clusters (Wang and Wang, 2012) . LPA models assume that observed variables are conditionally independent, and that associations between them are explained by the latent (unobserved) variable . We relaxed this assumption, allowing diet variables to correlate within each cluster.
Preliminary analysis found smoking to be rare in the largest cluster, this variable also had a long right-tailed distribution. To aid model convergence, the mean and variance of smoking was fixed at zero in the largest cluster and the distribution was condensed by dividing the variable by ten. Behaviour variables were continuous or ordered, rather than binary, to retain more information on individual differences in the data. In all models 4000 different starting values were used to identify the maximum likelihood solution .
To determine an optimal number of clusters, several LPA models were estimated, adding another cluster (k) to each consecutive model and comparing fit indices to the previous model (k-1). Fit indices included the likelihood ratio chi-squared test; entropy; adjusted Bayesian Information Criterion (aBIC); and the Lo-Mendell Rubin likelihood ratio test (LMR) Nylund et al., 2007) . Emphasis was placed upon the aBIC which balances model fit and parsimony (McAloney et al., 2013; and minimum cluster size criterion was established (Wang and Wang, 2012) . As recommended , prior to conducting multi-group LPA, models were run separately for each subgroup (NCDS men, BCS70 men, NCDS women, BCS70 women) to establish whether the same number of clusters emerged. This was followed by multi-group LPA models , run separately for men and women, stratifying the sample according to cohort. Wald chi-square tests were performed to detect differences in HRB means and response probabilities within and across each cohort, for men and women. Wald chisquare tests were used to detect cohort differences in the proportion of participants in each cluster.
Measurement invariance analysis was conducted to assess cluster equivalence across the cohorts , described in Appendix B.
Full Information Maximum Likelihood (FIML), utilising all available information in the data under a missing at random (MAR) assumption (Enders, 2010) , was employed to manage missing data. HRB means and response probabilities from complete case models were compared with those from FIML models.
Results
Descriptive analysis
For both men and women, behaviours tended to be healthier (e.g. smoking fewer cigarettes per day, higher frequency of fruit and vegetable consumption, higher frequency of physical activity) in the BCS70 compared to the NCDS (Table 1 ). An exception was alcohol consumption where a higher proportion of participants in the BCS70 drank above recommended limits compared to the NCDS, particularly amongst women.
Latent Profile Analysis
The aBIC for LPA models run separately for each cohort within each gender, suggested that four clusters were preferred over three. However, for all groups the smallest cluster in the 4 cluster models fell below the minimum cluster size criterion and patterns in the 4th cluster added little to model interpretability. On this basis a 3 cluster multi-group LPA model was chosen for both genders. Model fit indices and minimum cluster size criterion for these models are shown in Appendix C. Estimates from models using FIML are presented below (Tables 2 and 3 ). The same cluster labels could be assigned across the multi-group models, aiding interpretability. Cluster 1, labelled 'Risky', had patterns riskier than the others (i.e. heavy smoking). Cluster 2, was labelled 'Moderate Smokers', because smoking behaviour notably distinguished this cluster from the others, although levels of smoking were lower than the 'Risky' cluster. Cluster 3, labelled 'Mainstream', was the largest cluster, representing the most prevalent HRB patterns in the data, described below. For both genders, measurement invariance analysis suggested partial cluster equivalence across the cohorts (see Appendix B).
Cluster patterns
For both genders, cluster patterns were similar across the cohorts for smoking, fruit and vegetable consumption, fried food consumption and physical activity but patterns diverged for sweet food and alcohol consumption.
Wald chi-square tests found the estimated mean number of cigarettes smoked per day was higher for members in the 'Risky' and 'Moderate Smokers' clusters ('Risky' NCDS men = 41 cigarettes, NCDS women = 21 cigarettes; 'Moderate Smokers' NCDS men = 17 cigarettes, NCDS women = 14 cigarettes), compared to those in the 'Mainstream' cluster (p b 0.01), which was fixed at zero in line with our methodological approach.
Members of the 'Risky' cluster had lower frequencies of fruit and vegetable consumption (mean NCDS men = 2.61; BCS70 men = 3.75; NCDS women = 3.39; BCS70 women = 3.67) and higher frequencies of fried food consumption (mean NCDS men = 4.73; BCS70 men = 6.73; NCDS women = 4.02; BCS70 women = 3.37) compared to members of the 'Moderate Smokers' and 'Mainstream' clusters (p b 0.01).
The frequency of leisure time physical activity was highest for the members of the 'Mainstream' cluster (≥ once per week NCDS men = 72%; BCS70 men = 73%; NCDS women = 73%; BCS70 women = 76%), followed respectively by the members of the 'Moderate Smokers' and 'Risky' clusters (p b 0.01).
Sweet food consumption frequency was generally highest in the 'Mainstream' cluster and lowest in the 'Risky' cluster (p b 0.01). The exception was BCS70 men whose sweet food consumption frequency was high in the 'Mainstream' cluster (mean = 4.59) but highest in the 'Risky' cluster (mean = 5.23, p b 0.01). In women, sweet food consumption frequency in the 'Mainstream' cluster was significantly lower amongst For both genders, alcohol consumption was lowest for members of the 'Mainstream' cluster across cohorts (p b 0.01). For men, NCDS members of the 'Risky' cluster had the highest proportion drinking alcohol above recommended limits (51%) compared to the 'Moderate Smokers' cluster (36%), whereas proportions were similar for BCS70 members ('Risky' = 42%; 'Moderate Smokers' = 43%). For women, Table 2 Estimated means and item response probabilities FIML of 3 cluster multi-group Latent Profile Analysis (LPA) model for men. Data: Two British birth cohort studies, the National Child Development Study (NCDS) at age 33 (1991), the British Cohort Study (BCS70) at age 30 (2000) the proportion of BCS70 members drinking above recommended limits was almost double that of NCDS members, across all three clusters ('Risky' NCDS = 19%, BCS70 = 32%; 'Moderate Smokers' NCDS = 9%, BCS70 = 18%; 'Mainstream' NCDS = 7%, BCS70 = 19%, p b 0.01).
Cluster membership
For both genders, Wald chi-square tests indicated a significant difference in cluster membership across the cohorts. For men and women, a significantly higher proportion (p b 0.01) of BCS70 participants (men = 73.9%; women = 76.8%) were members of 'Mainstream' cluster compared to NCDS participants (men = 68.3%; women = 68.8%).
Sensitivity analysis
Estimates from models using FIML were very similar to estimates using complete cases (see Appendix D).
Discussion
Using multi-group LPA, we identified three distinct clusters of HRBs: 'Risky', 'Moderate Smokers' and 'Mainstream'. For both genders, cluster patterns were similar across the two cohorts in relation to smoking, fruit and vegetable consumption, fried food consumption and physical activity. HRBs' of members in the 'Mainstream' cluster tended to be more beneficial to health than the other two clusters (i.e. not smoking, eating fruit and vegetables more frequently, chips and fried food less frequently and being more active), based upon evidence linking these HRBs to mortality (Loef and Walach, 2012; Kvaavik et al., 2010) . However, the frequency of sweet food consumption was generally higher in the 'Mainstream' cluster. Moreover, in the later born cohort there was a significant shift in membership towards the 'Mainstream' cluster.
The distribution of alcohol consumption across the three clusters differed by cohort in both genders but was particularly apparent for women. The proportion of BCS70 women drinking above recommended guidelines across the three clusters was almost double than that of NCDS women. At the same time, BCS70 women in the 'Mainstream' cluster consumed sweet foods less frequently than NCDS women.
Our findings add support to previous evidence for HRB clustering (Schuit et al., 2002; Berrigan et al., 2003; Poortinga, 2007; Silva et al., 2013; Laaksonen et al., 2001; van Nieuwenhuijzen et al., 2009; De Vries et al., 2008; Conry et al., 2011; Schneider et al., 2009; Vermeulen-Smit et al., 2015; Leventhal et al., 2014; Tobias et al., 2007; Verger et al., 2009) . Research using cluster analysis in large population based samples has identified cluster patterns very similar to ours. Previous research found that people who smoke daily tend to have both lower fruit and vegetable consumption and lower levels of physical activity (Schuit et al., 2002; Laaksonen et al., 2001; De Vries et al., 2008; Conry et al., 2011; Schneider et al., 2009; Vermeulen-Smit et al., 2015; Verger et al., 2009) , people who drink alcohol heavily are more likely to smoke (Conry et al., 2011; Schneider et al., 2009; Vermeulen-Smit et al., 2015; Leventhal et al., 2014; Verger et al., 2009 ) and people who smoke and drink heavily are more likely to consume fried food and less likely to consume sweet snacks (Vermeulen-Smit et al., 2015) .
We found that membership of the 'Mainstream' cluster was higher in the BCS70, compared to the NCDS, while membership of the 'Risky' cluster was higher amongst NCDS women compared to BCS70 women. The shift to the 'Mainstream' cluster is beneficial for health in some respects, especially cigarette smoking. Moreover, BCS70 members had higher frequencies of fruit and vegetable consumption, lower frequencies of fried food consumption and were more physically active in this cluster, compared to NCDS members. However, a higher proportion of BCS70 men and women were drinking alcohol above the recommended guidelines (DOH. Sensible drinking: Report of an interdepartmental working group. London: Department of Health, 1995) in the 'Mainstream' cluster and frequency of sweet food consumption tended to be higher in this cluster compared to the other two. Amongst women, sweet food consumption frequency was lower in the 'Mainstream' cluster for BCS70 compared to NCDS members.
Higher membership to the 'Mainstream' cluster in the later born cohort suggests changes in social norms for smoking, alcohol and food consumption. For example, a large proportion of participants in the 'Mainstream' cluster did not smoke cigarettes, corresponding with declines in the prevalence of smoking over the past 50 years (RCP. Fifty years since smoking and health. London: Royal College of Physicians, 2012). Convergence in alcohol consumption of men and women over time in our study is consistent with previous work (Schoon and Parsons, 2003; Meng et al., 2014; Keyes et al., 2011) and does not bode well for the 2016 UK government drinking recommendations (DOH, 2016) , given that women increased their drinking consumption to meet men's rather than vice versa. Moreover, higher frequency of sweet food consumption in this cluster appears to coincide with global trends of increasing sugar consumption (Singh et al., 2015; WHO, 2015) .
A higher proportion of 'Risky' cluster members (NCDS men, BCS70 men and women) reported drinking 'no units' in the previous week. Although members of the 'Risky' cluster drink differently (i.e. not drinking or drinking excessively) they are assigned to the same cluster by sharing other behaviours, particularly smoking. Research investigating these four HRBs suggests smoking to be the most persistent (Paavola et al., 2004) and strongly associated with heavy alcohol consumption (Chiolero et al., 2006; Bien and Burge, 1990; Zacny, 1989; Room, 2004) and alcohol abstainers who have previously drunk alcohol (De Leon et al., 2007) .
We found largely consistent cluster patterns of smoking, fruit and vegetable consumption, fried food consumption and physical activity across the two cohorts for both genders, implying that these clusters could be generalised to individuals in mid-adulthood in Britain today. Although other age groups were not explored in this study, HRBs in adulthood were found to be relatively stable (Mulder et al., 1998; Harrington et al., 2014; Telama, 2009; Parsons et al., 2006) . This implies that these behaviours could be sustained across adulthood.
Strengths and limitations of the study
This study maximised the efficiencies of data reduction techniques by treating variables in the study model as continuous or ordered; identifying clusters that may have been missed if variables were dichotomised. LPA allows for the investigation of multiple rather than individual HRBs (McAloney et al., 2013) and provided new insights with existing data by detecting a previously unobserved mixture of three clusters. The study detected cohort differences in HRB clustering according to gender, made possible by the large sample size.
To aid LPA model convergence the mean and variance of smoking in the 'Mainstream' cluster was set at 0 because smoking in this cluster was rare (cigarettes per day: NCDS mean = 0.5; BCS70 mean = 0.3). Sensitivity analysis indicated that this decision did not affect the LPA model estimates (results not shown), with only a small proportion of smokers (NCDS = 7.6%, BCS70 = 5.2%) in this cluster.
It was necessary to use data from ages 30 and 34 in the BCS70, because dietary information was not available at age 34. We assumed dietary habits remained relatively stable during this period based upon empirical evidence (Mulder et al., 1998; Parsons et al., 2006) . However, this approach left 663 individuals (7%) with incomplete data. Men had more missing data on diet at age 30 than women (p b 0.001). However, similar estimates were found in sensitivity analysis comparing models using FIML and those using complete cases.
During the twelve years separating the two cohorts the average serving size of spirits and wine has increased (Stead et al., 2013) , potentially underestimating alcohol consumption amongst BCS70 participants. We found a higher proportion of participants in the BCS70 drinking above recommended limits compared to the NCDS. Therefore, correcting for a potential underestimation of alcohol consumption in the BCS70 would not change the direction of our findings.
This study relies on self-reported measures of HRB which can be biased (Conry et al., 2011; Schneider et al., 2009; Heroux et al., 2012; Schnuerer et al., 2015) . However, both cohorts collected data on HRB variables using well-structured questionnaires and in the BCS70 all interviews were assisted with a computer, reducing interviewer error. Although HRB measures were not identical across the cohorts using data from two purposefully similar birth cohort studies allowed for a valid comparison (Ekinsmyth et al., 1992) and reduced the likelihood of cohort and gender differences due to differential measurement. Furthermore, differential measurement would suggest a uniformed bias, instead we saw larger cohort differences amongst women, indicating other contextual factors are at play.
Social desirability bias is a possibility and may explain, to some extent, the size of the 'Mainstream' cluster. However, there are similarities between the prevalence of current smoking in both cohorts (NCDS 1991 = 32%, BCS70 2004 Also interpretation of cohort differences in cluster membership requires caution due to differences in cluster patterns e.g. alcohol consumption in the 'Risky' cluster for NCDS women resembled that of the 'Moderate Smokers' cluster for BCS70 women. This indicates partial measurement invariance i.e. the clusters cannot be interpreted the same way across cohorts. However, the measurement invariance analysis suggested equivalence of the 'Moderate Smokers' and 'Mainstream' clusters across the two cohorts (see Appendix B). This work identified consistent cluster patterns for smoking, fruit and vegetable consumption, fried food consumption and physical activity. Therefore, we think that the 'Moderate Smokers' and 'Mainstream' cluster patterns, are likely to be similar amongst individuals in mid-adulthood in Britain more generally.
Implications
Whilst the number of studies evaluating the efficacy of multiple HRB interventions is limited (King et al., 2015) and comparability of the study samples with ours is questionable, they suggest that interventions addressing multiple HRBs simultaneously may be more successful (Ashra NBS et al., 2015; Hale et al., 2014; Steptoe, 2007; Hyman et al., 2007; Goldstein et al., 2004; Nigg et al., 2002) and cost effective (Prochaska et al., 2008) than targeting HRBs independently. Our findings reinforce this evidence, in our study smokers consumed fruits and vegetables infrequently, but consumed fried food frequently. Any interventions to quit smoking could employ person-centred strategies to improve diets. Our findings showed that sweet food consumption in the 'Mainstream' cluster tended to be higher than the other two clusters. This cluster pattern along with the shift in membership to the 'Mainstream' cluster amongst those born in 1970, could partially explain increases in overweight and obesity rates observed in the later born cohort (Sullivan et al., 2013) . We found significant increases in alcohol consumption and decreases in frequency of sweet food consumption for female members of the 'Mainstream' cluster born in 1970 compared to 1958. This may reflect a replacement of sugar intake with alcohol use amongst women in the later born cohort (Colditz et al., 1991) given that alcoholic beverages, particularly types popular amongst women (i.e. cocktails), are often calorie dense (Sayon-Orea et al., 2011) .
Further analysis to identify common predictors of cluster membership across cohorts could strengthen our case that the 'Moderate Smokers' and 'Mainstream' clusters are similar amongst individuals in mid-adulthood today and assist in developing person-centred interventions.
Conclusions
In 2 representative British cohorts we found three clusters of HRBs labelled: 'Risky', 'Moderate Smokers' and 'Mainstream'. Our findings suggest largely consistent HRB cluster patterns across cohort and gender groups which could be found amongst people in mid-adulthood in Britain today. This new evidence of HRB clustering across time and by gender provides a person-centred understanding that can inform population level interventions to improve HRBs.
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Appendix B. Measurement invariance analysis
The measurement invariance analysis was conducted in five parts: Firstly, we established within each subgroup (separated according to gender and cohort) that the three cluster model was preferred over a 2 and 4 cluster model. The results of this analysis (described fully in Appendix C) suggested that in all subgroups the 3 cluster model was preferred, indicating some equivalence of the clusters across the cohorts.
Secondly, chi-square difference tests using the loglikelihood from multi-group LPA models were conducted; model one allowed values of the observed indicator variables to be free across the cohorts within each gender; model two fixed the observed indicator values to be the same across the cohorts within each gender. We found a significant pvalue in all instances, indicating that the fit of the model with fixed (constrained) parameters was substantially worse. Therefore the measurement models for the two cohorts differed significantly and full measurement invariance did not hold . The results of this analysis are presented in Tables B1 and B2 .
However, scholars argue that such hypothesis testing can be difficult in LPA because models can become very sparse (containing cells with few participants) meaning that the loglikelihood chi-square ratio distribution is not adequately approximated by the chi-square (76) . Additionally, with large sample sizes (N N 2000) the loglikelihood chisquare difference test can detect minor differences indicating noninvariance for small differences across groups (77) . Therefore, the third step was to conduct cross-validation analysis , which estimates a LPA model based on group 1 (training dataset) and applies these parameters to group 2 (validation dataset) and vice versa. This is done to determine whether the model calibrated in the training dataset has an acceptable model fit in the validation dataset. Assessing whether individuals remain within the same cluster in the validated and calibrated models is also an indication of membership stability to a particular cluster (i.e. classification certainty) . Models that cross-validate well indicate that the nature of the latent clusters are similar across the groups and that measurement invariance holds (76) . Based on model fit indices and entropy, we found that models calibrated in each subgroup (separated by cohort and gender) cross-validated well when applied to data from the same gender in the other cohort. Tables B3 and B4 outline the results of this analysis.
Table B1
Estimates from multi-group models with and without cluster patterns and membership constrained to be equal (men). Data: two British birth cohort studies, the National Child Development Study (NCDS) at age 33 (1991), the British Cohort Study (BCS70) at age 30 (2000) and 34 (2004 4) In the last 7 days how many glasses of wine have you had? 5) In the last 7 days how many glasses of martini/ vermouth/sherry /port or similar drinks have you had? 6) In the last 7 days how many bottles of alcopops have you had? 7) In the last 7 days have you had any other alcohol drinks?
Appendix A (continued)
Table B2
Estimates from multi-group models with and without cluster patterns and membership constrained to be equal (women). Data: two British birth cohort studies, the National Child Development Study (NCDS) at age 33 (1991), the British Cohort Study (BCS70) at age 30 (2000) and 34 (2004 a Calibrated models = model parameters estimated in this gender and cohort. Validated models = gender and cohort in which the model is validated using saved model parameter estimates from the model calibrated in the same gender but opposite cohort data. b Tests the null hypotheses that the addition of a fourth cluster does not improve model fit.
Table B4
Estimates from cross-validation models (women). Data: Two British birth cohort studies, the National Child Development Study (NCDS) at age 33 (1991), the British Cohort Study (BCS70) at age 30 (2000) and 34 (2004) . a Calibrated models = model parameters estimated in this gender and cohort. Validated models = gender and cohort in which the model is validated using saved model parameter estimates from the model calibrated in the same gender but opposite cohort data. b Tests the null hypotheses that the addition of a fourth cluster does not improve model fit. The stability of cluster membership in the validated and calibrated models was deemed to be excellent for the 'Mainstream' and 'Moderate Smokers' clusters with ≥95% of individuals being assigned to the same cluster in the calibrated and validated models. Cluster classification was also deemed to be good for the 'Risky' cluster amongst women given that ≥77% remained in the same cluster in the calibrated and validated models. However, there appeared to be classification uncertainty for the 'Risky' cluster amongst men. This could, in part, be due to the small number of participants assigned to this cluster in the calibrated models. The results of this analysis are presented in Tables B5-B8 .
Fourthly, alongside these assessments of measurement invariance, scholars suggest that researchers consider if the nature of the clusters differ according to groups by examining differences in cluster membership (i.e. prevalence) and cluster patterns (i.e. item means and probabilities) . Evidenced statistically by conducting chi-square Wald tests to identify if levels of the health-related behaviours differed significantly both across the clusters within each cohort and within each cluster across cohorts. These cluster patterns and the results of the chi-square Wald test are presented in the main body of the manuscript (see Tables 2 and 3 ).
Our interpretation was that cluster patterns across the cohorts were similar, except for alcohol consumption, particularly amongst women and suggested partial measurement invariance across cohorts and genders. This is concurrent with other research that has found convergence between men and women in alcohol consumption in the later born cohort . We attempted to run a LPA model which pooled the cohort data (increasing statistical power) whilst accounting for alcohol differences in the model. However, due to increased complexity and data sparseness (given the size of the smallest cluster) the pooled LPA model would not converge and therefore the decision was taken to present LPA results separately according to cohort and gender in the manuscript.
Finally, Mplus version 7.3 (Muthen, 2014) provides indicator variable specific entropy which measures the extent to which each observed variable in the model determines the unobserved (latent) variable. An entropy of below b0.2 suggests that the observed healthrelated behaviour variable contributes little in defining the latent health-related behaviour clusters (78) . We found in all LPA models (separated by cohort and gender) that the four health-related behaviours had entropy above 0.2 and that entropy values were similar across the cohorts, but differed more for women than men. This provided further evidence of cluster equivalence across the cohorts because the contribution of individual health-related behaviours to the latent variable was similar within each gender group across the clusters. Although, it should be noted that the observed difference in cluster patterns for alcohol consumption amongst women combined with information gained from indicator variable entropy (i.e. there is a greater contribution of alcohol to the formation of health-related behaviour clusters amongst BCS70 women than NCDS women), suggests partial measurement invariance for alcohol consumption amongst women across the cohorts. Tables B9 and B10 outline the indicator variable specific entropy for each subgroup.
In summary, on the basis of the above analysis we conclude that the nature of the clusters is similar within each gender group across the two cohorts. However, the results do suggest that the clusters may not be equivalent for alcohol consumption amongst women and that the stability of membership to the 'Risky' cluster amongst men in the two cohorts is questionable. 
Appendix C. Latent Profile Analysis model fit indices and cluster power
The selection of a 3 cluster multi-group LPA model was based upon model fit indices and minimum cluster size criterion presented in Table B1 . The purpose of the minimum cluster size criterion was to ensure adequate statistical power for further analysis. Adequate cluster size was determined by detecting a 'small' difference using Cohen's effect size of 20% (79) Table D1 Estimated means and item response probabilities of 3 cluster multiple-group Latent Profile Analysis (LPA) model, using complete cases, for men. Data: two British birth cohort studies, the National Child Development Study (NCDS) at age 33 (1991), the British Cohort Study (BCS70) at age 30 (2000) and 34 (2004) . 
